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Abstract; In the Yellow River Delta, the normalized difference vegetation index (NDVI) was extracted from remote sensing
images, whereas environmental data (e.g., topographic height, groundwater table, surface soil Cl™ content, and others)
were collected using quadrat sampling. To understand the relationships between the spatial distribution of vegetation and
environmental factors in the study area, detrended correspondence analysis (DCA) and detrended canonical correspondence
analysis (DCGCA) were conducted. In addition, single factor correlation analysis and multiple stepwise regression analysis
were also conducted using the regional NDVI and environmental factors. Results showed that the vegetation in the Yellow
River Delta could be divided into four main community types: Suaeda heteroptera, Tamarix chinensis and S. heteroptera,
Phragmites australis and T. chinensis, and P. australis. DCCA and DCA ordination diagrams were similar. However,
compared with DCA, DCCA clearly showed that the first axis was mainly representative of Cl™ concentration in the phreatic

aquifer and key water and salt factors. With the decrease in the salinity of the groundwater and soil environmental systems,
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the community evolved from S. heteroptera to P. australis. The distribution of the vegetation communities and NDVI in the
area were influenced by the depth of groundwater table and Cl™ concentration in the phreatic aquifer. A binary regression
relationship (R*= 0.57) was found between NDVI and two environmental variables. The effect of the soil Cl~ content on
vegetation was influenced by the depth of the groundwater table and the Cl™ concentration in the phreatic aquifer. Because of
the shallowness of the groundwater, groundwater was sensitive to vegetation growth and distribution. The groundwater table
and Cl™ concentration in the phreatic water were the two key influencing factors on groundwater. In particular, the .C1”
concentration in the phreatic water largely controlled vegetation distribution and growth. To maintain wetland ecosystem
health, the relevant departments should pay attention to the increase in groundwater Cl™ concentration caused by dried-up
river courses, seawater intrusion, and shoreline erosion, among other factors, which will adversely affect vegetation. Some
measures could help to accelerate the sustainable development of coastal wetland vegetation, such as making full use of the

ecological regulations in the lower reaches of the Yellow River.

Key Words: vegetation distribution; environmental interpretation; normalized difference vegetation index ( NDVI) ;

vegetation ordination analysis; the Yellow River Delta
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Fig.1 Distribution of sampling stations in the study area

10 AFEE =N JEER A ARG XN & 10 SR AR, 23] 20 ANEEHE (S1—S20) , HAA% 4 50 mx50
m, AEPAE R A B XA b AR P P S L R S B S TR SR
1.2 Bl b5 54

FE B 5 PR B HE T 2 A o AR S A 20 S E bR RR 22 B (B, PRBE B T AR A A b X O SR A i
BLAYHIE = BE T KRR WK ¢(C17) WK ¢(TDS) SR JZE +4 w(Cl7) w(42Eh) w(OM) \pH fH% . %5
B HE R 5 PR BB A TR L R R AT R AT (DCA) | #i s DCA HEFF 255, 0 A i = B ST (HEL )
VB Ve AE I 2 BRI | AT B XS NS4 ( CCA ) BB S4B X W 2347 ( DCCA ) |, I 2 i) — 2 HEF
B (2R FI 2 DCCA HEF ) . DCA FLDCCA SR A Canoco 4.5 54,

NDVI S5#EEH 7 B HrH, el ENVI 4.8 SREEC R TM 52120 NDVIL, Z 5K H 5 A ArcGIS
10.2 B F A Az i NDVI 432504 & BEAI ] AreMap ' Extract values to points fii 4 H#EHUHH 151 4S5 NDVI,
I JEFIH SPSS 17.0 BT AHSCEIE U1 T 80 P AR DGR A AT AN 2 o0 A B A2

2 HR5ITR

2.1 SLAUAE B NS ] o

WHoE X R A Y FA 75 25 ( Phragmites australis ) BEMI ( Tamarix chinensis ) W83% ( Suaeda glauca) | F >
(Imperata cylindrical Var.major) J%3 (Aeluropus littoralis var.sinensis) % 15 ik (Apocynum venetum) 757 ( Typha
angustifolia) FR(Miscanthus sacchari) B K5 ( Glycine soja) FCHI( Salix integra) FMILE ( Limonium sinense) S
K R HL( Setaria viridis) 55, B0 =AY F ARG XA 7R 42 B 390 28, DIARARL GFF R R
Jit 25 AH AR 55 R N 55% o rp AU BER G EMIRT =5 AT

ST GRS ANRAEIC S, 45 AR B AR TR, 0525 e A L A A AR 08 1 %t 8yl = £y 9
P HAB AT AT R R, DX SRR e S B AR R AP XN TEZR TR A AR ORAP X, P35 B0 6 el 5% (S
BRI ) T RV B2 Rt R A, T T 1) A0 2 e W 2 AR U 7 35 PR MIRIS R | 45 AE AT 98 B £90.5—
4.0 km CGHHE 7S ) ABEMAEH L)L 5.0 km PEE 2 RSO BEEG 2 45.0 km; FEALES H SRR X, 3B
P M3 F R ) LR BEHOIR AR T A T — T A B AR AN ARG, AR K S T R R
PEMIRA I , A AT T2 1.0—7.5 km (P2 0045 ) (K2 10.5—22.0 km"™ KRR BB R B 2 &
BRI AR SO P A1), — R 1) VA T A A R R < S A T B bR - R g S A M-

http ; //www.ecologica.cn



6812 JAE = 37 &

R, RGN b BT I T A B b VA 6 i A T R R M B R M- SRR A B 2 A SR S
2534 HAR AR X R B g
2.2 AHBEFEE A RS R I TR R R
2.2.1 FEHBE DCA HEF 5432

SKFH DCA X 20 MREHBFEAT 0T, 45 5 ULIE 2, DCA i 4 /SHEE Rl AR AR ( R R BaE S i ) 43 1)
410.772.,0.361.,0.191 ,0.084 . 25 —HEF SR ER K, B ESFERERZ 5 =  WHEF R s
— B DCA A 2 4l BRI TTER R AR R 70% , 0T AP AT 5, AFSE DCA R 2 A5l RSk N
75.1% , BRI ] LAFRRE 75. 1% PR B 5 B (DRSO 14) , KB DCA HEFP 45 5% L #iAR

2.0

28 Aixs 2

5150 Aixs 1

B2 20 PN DCA Z4EHEF
Fig.2 < DCA ordination of 20 sample plots
=1V #EA ;120 R

S RN BRSO RO R R AT (TWINSPAN ) it 2] = # Y 10 ke ol BF % 43 28 1 2%
FLEEBAR DCA 8T, nlHE 20 S AEHBR 53y 4 4 ARER 4 A EEREE B (BEN) (R 1),

DCA HEFBIRE NG s AEEESZE X, K2 B8, B R 55— R B i k6 i As fk, [
2 1145 53 6T g SR % R R AR 2 A W) AR TR — B W K (TDS) | 13 w(23h) HIE &
DK EAF S, B — 1 1) 2R A 2 b i3 B R /K R IR (B3 VK ¢ (TDS) F 3 w0 (2238 Ak
AN TS T HER A BEN T —I3EAR TR — /K4 b iR NIV A RE e 585 — Al 1) b S 2 IR oA, itk —
HEXTREHS 1,13 .16.,19°.20 HEREE R T HEAT HL B HT R B0, pH (ELAG T HA PR EE A8tk fe o BA S, D &R —
B R 4 pH (E YR,

DCA SRt 25 R B B K (Rn R AR A ) i 38 —HE P S R 3.517 4 F 3—4 Z ), BRI B 43
HFHE T AR SR FH LG s AR PRI ] 5 BB AR R 2 JE S S R R(E 2, H DCA HEP 45 R iR
YT 530 32 IS5 A0 B 2 0 B 2 R WL i 430 55 B DRl 00 2R A3 W B R 5k T BRI RSE R () HE 3 3k , RIS Dk T
B SR — | HE R DG A B S IE RN, SR FHARMERY DCCA HEARI 2
222 HEFREE T XY A A SR B R IR

3T 3oL ORI T MBI 78 B M R KRR WK e(C1) B2 4 w(C1) w(OM) pH {3k 6 A FREE A
TR IEEE B AAC AR B DCCA HERF AT 7a] = £ I 3 X 20 MR 4 8y e R R B2 50808 HE A7 0 b, 75 5]
WP 2 S5 F R R (E 3) .

http ; //www.ecologica.cn



20 1 TORAE A BT = AR S 8] 3 A R SRR A 6813
F1 FEMHBEESREFTELRR
Table 1 Community classification and the main types of plots
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Table 2 Eigenvalue, correlation of species and environment, cumulative percentage variance of DCCA axes

HEFF 5l Ordination axes

I H Ttems

1 2 3 4
HEAE(E Eigenvalues of each ordering axis 0.727 0.242 0.137 0.086
A _ \i-t >
PRI TRSLA L Y 0.972 0.842 0.544 0.742
Correlation between plant species and its main environmental factors
YIRh-RIE R BRE L 22
Cumulative percentage variance of relationship between species and 54.7 72.9 83.2 89.7

environment variables
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Fig.3 DCCA ordination of species abundance and environmental
factors
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MLZEM); +. WA Plant species; Phragmit: ¥ 35 Phragmites
australis ; Suaeda : AW TE Suaeda heteroptera ; Tamarix : B M) Tamarix
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Limonium sinense; Sonchus; T 3% 3% Sonchus brachyotu; Miscan : Ik
Miscanthus sacchari; Imperata ; 4 3 Imperata cylindrical Var. major;
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venetum ; Artemis ; ¥4 Artemisla capillaris ; Glycine LN Glycine
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#* 3 DCCA RifSRERFHHEXE

Table 3 The correlation of the first two DCCA axes and environmental factors

HEF

Ordination axes

L
Terrain height

R KA

Groundwater table

WK e(Cl7)
Cl™ concentration

in phreatic aquifer

FETHw(C)
Cl™ content in

surface soil

FJZ L w(OM)
OM content in

surface soil

F)Z T pH
pH value of

surface soil

1 0.623 " 0.606 ** -0.800 " -0.938"" 0.270"" -0.242"
2 -0.104 0.015 -0.211 -0.064 0.023 0.287 "
* :0.05 A8 K- Significant at the 0.05 level ; * s :0.01 B E /K Significant at the 0.01 level
Iy == 0.013w — 0.006¢ + 0.0284 + 0.359  R*=0.68 P < 0.01 (1)
I =— 0.015w — 0.006¢ + 0.404  R*=0.66 P < 0.01 (2)
Iy = 0.009¢ + 0.047d + 0.318  R*=0.57 P < 0.01 (3)

N, Ly FH—AEGEIEEG w HRZ T w(C) ,g/keg; ¢ K c(C) ,g/L; d R KAER (m)
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Table 4 Correlation between NDVI and 6 environmental factors
, S WK e(Cl” FE I B4 =4
. e WK mmm UKD ~r =R REL
A2 IH— b AR 5L . Cl™ concentration w(Cl™) w(OM) 3¢ pH fH
K Groundwater Terrain . .
Variables NDVI . in phreatic Cl™ content OM content in pH value of
table height . . . . . . .
aquifer in surface soil surface soil surface soil
IH—fb A B H6 %8 NDVI 1
1R K A7
Groundwater table 0.468 !
IV 5 . .
Terrain height 0.330 0.665 !
WK e(C17)
Cl™ concentration in -0.737"" -0.400** -0.316"" 1
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243 w(Cl” ) *
ﬁ?iﬁ%w( ) -0.740"" -0.423 " -0.360 " 0.643 " 1
Cl™ content in surface soil
= i-ﬁ“ M
RELEw(OM) 0.148 0.093 0.178° ~0.154 -0.107 |
OM content in surface soil
=+ pH
RELE pH 0.000 -0.040 -0.070 0.024 -0.160 —-0.441"" 1

pH value of surface soil

*.0.05 192 E /KT Significant at the 0.05 level; * # :0.01 fY1E /K Significant at the 0.05. level

0.6 0.6
05 7=3.44/(1 + (v/2824.75)0%) - 295 5 y=96.13/(1 + (x/2.76)°5%) - 95.67
% R*=0.65 P<0.01 ' o R*=0.60 P<0.01
04 R
0.3
0.2
501
a
z
® 0 1 1 1 1 | 1 1 0 | | | 1 1 1 |
£ 0 2 4 6 8 10 12 14 0 5 10 15 20 25 30 35
= HJE L HE) #ke(Cl)
5 CI" content in surface soil /(g/kg) CI concentration in phreatic aquifer/(g/L)
T o6 0.6
m
0.5
0.4
0.3
0.2
33 %
N _8>:>§% S & $=0.13+0.12x ol w8 =022 +0.03x
’ & o R?=0.22 P<0.01 ’ o0 R*=0.11 P<0.01
0 1 1 1 1 I 0 1 1 1 1 1 1 1 1 1 1 I
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Fig.4 Relationship between NDVI and main environmental factors
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(CI7) [ HA B 3 AR DG, B R K A7 R P e BE 52 TE ARG, R 43511 0.468 ,0.330; 5K )2 + w
(CI7) K e(C1) M, R 4351°0-0.740 ,-0.737, B BAEIIA &80, NDVI 5K)2 +3 w(C17) WK ¢
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(C17) ] e #5034 FH Logistic RIS, R* 43 15355 0.65 ,0.60 , 11 NDVI 53 R /KA BRI i )3 1] FH £
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B —ooE 5 R RS = o E 5 BEAH HE 22 0.02, FERCRAKSR 3, X 28 ) O 1K + 3858 R guih 65
P75 NDVI fypkeE Va2,

X 4 FE 4 3 — 200 R, R IZ T3 w(C1) 5K o (C1) AHEMERS R, R 24 0.643 041 Bl 4 R
NDVI 57K ¢(C17) [H] Logistic BRI 5 K] 4 v NDVI 53 )2 +3 w ( C17) 8] Logistie B[ R FHZETCIL( &
R*r 514 0.66 F10.60) , BFFEIX T K AE B AL 0HT B B 19K S8 B2 ol A ) 28 W A F ) e st 7K 4 , 28 i o1
A ClUpZs oA SAR Y DR MR RV A28 1) 4304 A NDVI B2 [ AR S St T A2 7K e (C1)
L AR FSE X T K BIR AR TP 7E 0.5—2.5 m LATF, 46 BB 43 DX i KA 8 5k i S 4, 3
X AWK CI 1) LR 5 Bt a3l 5, MR oK A7 ETR B R AR 21 K CL Il bed® B 545, AT R 7K
N7 SR AE S M < AR R A0 S - R ™ R G /KBRS A5 T ) B AR SRR BE 20, T UL, b T 7K A 3R
FEEIK ¢ (CL™) 252 M B = F A B 2R 5 50 A0 1) S IR R, JCHUEW K e (CL) Fh Vg ) fili | b TR0 38 1) R
R BE AR AL TSR BRZE AT | = 25 45 R SRAE A o0 A1 At Jey e e il e

3 it

(1) DCA “4:HEy 3R BB = AN Y VS 2 2R BE ST K ¢(TDS) | 148 w (423h) FlHh T oK 47 48
AT B S —HE P RS Ak, HL 80 B2 Al 3ok 3 | R A0 -E0 B | 2 SR S 4 R R
RU(HEAN) o DCCA HEJF 4S5 F DCA HEFF ELEPRAEL, 55 DCA A, DCCA ¥ M7 b 2% B L 27—l 32 224G
TR ¢(CI) AR ER 1, HLBEE WK ¢ (C17) M2 11 w0 (C1) IR0/IN, BN F 30 e i % 328 i
] PRI AR . DCCA HEF B BRI 4 55K B ML 5 58 — Bl i e R/ itk — 2D 48 /R 1 R K A6 17K
c(Cl7) JeZR)2 435 w (CL™) X iz X SRV Bl B V5 20 A1 4% R 2 i B kg 35

(2) PRBEH 7 5548 1 3 55 BE(NDVI) 19 B PR 7 AH SC 1 43 B S8 7R 203 — A 9 NDVI =222 % 2 3 w
(CI7) K e(Cl ) 5, FE K YR T & B, 1 %2 6 2 135 w (OM) B2 pH B 52 F /N,
ZIGRH TR FRIZ 18w (C1) K c(C1 ) At R RO HEYR 3 A /KR 3 5 X 38 NDVI 9723 [a] 434
ELEE VAT = A Y R 7K S AR v | DX 398 a0 ( CL) 23 (0] 4340 5728 5 A2 M R KA BRI A K e (C17 ) LR fE
FH BRI, 33 w0 (CLU ) RO L Bl 50 SR 138 2 32 i R /K S BRI AIVE K e (CL) BIREIA

(3) BT A U b DX T 7K 25 M A B A 4 5 40 A B RIURREE 2R I 7K ¢ (CL ) A R /KA B2
IR A SIS U L 2 1 2 AR R, JE ORI IK ¢ (CL ) A0 B AR A T SR o A1 446 Jed e T 2 1 2
TP FE o o3, B Y] = N RS N R B i AR 25 R G R e R v, 7 EE AT 11 530 7 s DX T
FRE AR K TG FBOBK ¢ (CLU) T a8 AR | 7855 & H 80 T e AR 2508 B 09« e s RR ™ 1
FH A S Y b A0 T ] 5 A e
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